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An NACA 631-012 airfoil section equipped with a single suction
slot near the leading edge was investigated to determine whether or
not the maximum lift coefficient could be increased by delaying the
separation of flow at the leading edge characteristic of the basic
section. The leading+dge separation was delayed and the linear
portion of the lift curve substantially extended until the turbulent
boundary layer separated from the rear portion of the airfoil. The
abruptness of the stall was thereby reduced.

The maximum lift increased with increasing flow through the slot,
rapidly at first, then at a diminishing rate. ’15?effect on pitching
moment was negligible. The profile drag was increased for low values
of lift and reduced at high values of lift (for flow coefficients
greater than 0.002) over the corresponding drag of the basic airfoil
section.

It was found that the slot location and width are 5mportant.
Sixteen different.slots were investigated without encountering the
optimum, but the results indicated that the leadlng edge of the slot
should be downstream of the point of separation of flow from the
leading edge of the basic airfoil -diately prior to its stall.

INTRODUCTION

The efficacy of boundary-layer control
separation of the turbulent boundary layer,

as a means of delaying
and thereby incre=fi

the lift of airplane wings, has been d&&trated by n&erous smafi–
scale experiments. Despite the favorable results of these experiments,
few, if any, practical applications to conventional wings of modemim
thiclmess have resulted because simpler high-lift devices were capable
of producing adequate lift.

,.

— — - --—. ——



2

The trend toward thin swept wings for high-speed airplanes has
made the attainment of sufficiently high mximum lift coefficients
for landing more tificult. Airfoils suitable for high speed are
generally characterized by undesirable stalling properties and
relatively low ~ lift coefficients even when equipped with the
most effective of flaps. For this reason, a research program was
instituted to investigate the possibilities of increasing the naxhum
lift and improving the stalling properties of such airfoil sections
by means of boundaq-layer control.

Before attempting an application of boundary-layer control, the
stdlhg and boundary-layer chamcteristics of two low-drag airfoil
sections were investigated. It was found that the thicker of the two
sections, an NACA 633+18, stalled because of separation of the turbu-
lent boundary layer. The separated area originated at the tzailing
edge and spread progressively forward along the surface with increasing
angle of attack. The thinner section, an NACA 631-cw, stalled com-
pletely and abruptly because of separation of flow from the leading
edge. These results made it obvious that,in order *O increase the
maximum lift of the thinner airfoil section,it would first be neces7
sary to delay the leading-edge se~tion. IX thjs could be done
successfully,further increases in naximum lift probably”could be
achieved by controlling the turbulent boundary-layer over the aft
portion of the airfoil (an application of boundary-layer control
which has been successfully demonstrated in the past, e.g., references
1 and 2). k spite of its relatively large mximum section lift
coefficient, the 12-percen&thick section was selected for use in the
present investigation because of its abrujt stalling properties. Also
the already existing boundary-layer data for this section would be aP
value for purposes of comparison with those of the suction airfoil.. .

This re~ort presents the results of m experimental tivestigation
to determine whether or not leading-edge separation can be forestalled
by means of a single suction slot, an~ to a lesser extent, to de-
termine the optimum location and width of the slot. Only sharp-edged
slots with their Inlets apprmtely normal to the surface were
considered. No attempt was made to find the optimum slot-entry shape.

S&teen different slots near tie n~se of an NACA 631+2 airfoil
were investigated separately. The data obtained include force,
pressure, and boundary-layer measurements. The investigationwas
conducted in the Ames 7– by lo-foot wind tunnel No. 1.

SYMBOLS

The symbols used in this report are defined as follows:

c wing chord, 5.000 feet
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suction profilhg coefficient (corrected for jet+oundary
effect by the method of referenoe 3) (D/qoc)

section lift coefficient (corrected for jel+boundary effect by
the method of reference 3) (L/qoc)

section pitching+oment coefficient referred to c/4 (corrected
for jet+oundary effect
(M/qoc2)

section flow coefficient

@g, pounds

by the method

(Q/UOC)

boundary-layer shape parameter ,(5*/0)

lift, pounds

pitching moment, pound feet

of reference 3)

,

local static pressure, pounds per square foot

free-stream static pressure, pounds per square foot

pressure coefficient
(&9

free-stream dyuamfc pressure (~oUo2), pounds per square foot

volume flow through slot per unit spsn at free-stream density,
square feet per second

local velocity tiide boundary layer, feet per second

local velocity outside boundary layer, feet per second

free-stream velocity,

slot width, feet

distance fran airfoil
line, feet

distance frcmairfoil

feet per second

leading edge measured parallel to chord

bating edge to upstream edge of slot
measured paralJ.elto chord We, feet

distance above airfoil measured normal to surface, feet

,
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section angle of attack (corrected for jet+oundary effect by ‘
the method of reference 1), degrees

,
total boundary-layer thickaess, feet

flap deflection, degrees

boundary-layer-displacementthiclmess, feet

boundary—layer+mcmentum thiclmess, feet

.

[0 (’-0’4

free-etresm mass demity, slugs per cubic foot .

MODEL

The model used for this

AND APPAIW17JS

Model

investigationwas a >foot-chord,
NACA 631-012, two+imneional airfoil equipped with a 27–l/2-
percent+hord plain flap hinged at the chord line. Circular end
plates, 6 feet in diameter, attached to the model, formed part of
the tunnel floor and ceiling. The model contained an internal
plenum chmiber to provide the ducting for the suction slot. The
cross~ectlon area of the plenum chaniberwas large enough to reduce
the dyuamicpmssmw of the induced air to negligible values, and to
insure uniform flow into the slot across the 7<oot span of the model.
Flush orifices in the surface of,the model permitted measurement of
the ’pressuredistribution. Airfoil coordinates are given in table I,
and a photograph of thd model installed in the wind tunnel In figure 1.

The nose section of the model containing the slot was removable,
facilitating changes in slot location and width. These Umensions
varied frm O- to l=percent chord In location, and frm 0.167- to

.—.— .— .-
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0.800-yercent chord in width (0.10&to 0.480 in.). Detailed di-
mensions of the 16 slots investigated are given in figurq 2.

Ap@ratus

The suction required to induce flow into the
by a centrifugal blower outside the wind tunnel.

slot was provided
The air duct to

tie blower left the lower end of the model through a mercury seal
which isolated the model frcm mechanical forces introduced by the
external piping.

The quantity of flow through the various slots was ascertained
by measuring the pressure drop across an orifice meter built to
American Society of Mechanical Engineers Standards. The air pressure
within the plenum chamber was determined from three static-pressure
tubes in the plenum chamher.

Boundary-layer velocity profiles were measured by means of a
small rake or “mouse” attached to the surface of the airfoil. Several
sizes of rakes were used, depending on the boundary-layer thickness.
The smallest ties (fig. 3) consisted of one static tube and six
total-pressure tubes made of O.Ol>inch+utside-dismeter steel
hypodermic tubing flattened to 0.007 inch at the ends. Larger rakes
made of heavier tubing were capable of measuring boundary layers up
to ~ inches in thickness.

In order to obtain indications of localized regions of separated
flow over the surface, an adaptation of the liquid-film method was
used. This technique, as originally developed in R@and for the
purpose of ascertaining the point of transition from laminar to turbu–
lent flow in the boundary layers of airfoils, depended on the diffe~
ence in the rate of evapo=tion of a thin film of kerosene spread
over the airfoil surface. For the adaptation employed in this in–
vestigation, a more volatile liquid was sprayed on the surface of the
model. The boundary-layer flow scrubbed the liquid from the surface
except under the region of separated flow where the lack of surface
shear permitted the liquid to accumulate in a thick film. In order
to We the liquid film more visible, the model was painted a dull
black. ‘Theliquid was composed of 9 parts alcohol, 2 park of 10-
percent aqueous solution of Aerosolj and 1 part glycerin.

. . ..—— .— — —.— .
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Method

The method of
values of the flow
model was varied.
values of the flow

obtaining data was to maintain various constant
coefficient cq as the angle of attack of the
Tests were nmde of each of the 16 slots at several
coefficient for the model with the flap unreflected,

and at one value (cq, 0.002~) with the flap deflected 40°. A full
-e of flow coefficientsW= qloyed, however, for the model with
slot 15 and the flap deflected 40°.

Except for values of
c~ greater them 0.005, au tests were

made with a dynamic pressure of 40 pounds per square foot, which
for the ~oot-chord mcdeL corresponds to a Reynolds number of
5,800,000 and Mach numiberof 0.167. Zn order to obtain values of
Cq greater than 0.005, it was necessary to reduce the dynamic
pressure to 20 pounds per square foot, which corresponds to a .
Re~olds number of 4,150,000

Lift, Moment,

Force measurements were
system. The large nuniberof

and a Mach number of 0.lJ.6.

and Drag Measurements

made using the usual wind-lmmnel balsmce
these data makes a complete presentation

@practicable, but typical lift and pitching~ nt curves for the
mddel with slot 15 are presented in figure 4. Force measumnts af
drag are not presented because of the udnmwn tare drag of the
circular end plates attached to the model. Instead, the drag as
evaluated frcm wake surveys is’presented. Measurements made for the
model with slot 15 are given in figure 5 as the variation of section
profile i@g coefficientwith flow coefficient for constant values
of lift. Also shown are the values of drag for the basic airfoil at
the same values of lift. “

Asummary of the madmum lift obtained for the model, flap
unreflected, with each of the 16 different slots is presented in
figure 6. Each group of curves contains data for the model with
slots of approx~tely the same width. The variations of maximum
section lift coefficient with flow coefficient for the model with the
flap deflected 40° and slot 15 are presented in figure 7.

Pressur~istributicn Measurements

Some typical pressure+istribution tits obtained for the model
with slot 15 are presented in figures 8 and 9. Al-so Shm on the-

.: .—. ..— —–— —— .—— ——— ———
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plots are pressure distributio~ for the basic airfoil at mmimum
lift. The values of the mressure coefficient P are observed

7

values at the test Mach n~er of 0.167 emd have not been corrected
to zero Wch nuniber. Some of the values of the ~essure coefficient
observed upstream of the slot are greater than the maximum ordinate
of the plots. To depict more clesrly the ~essure distribution in
the immediate vicinity of the slot, the first 10 percent of the chord
is shown to euged scale in figure 10. The scale of P Ws been .
compressed to keep the ne~tive pressure peaks wit+in the ordinate
scale of the plots.

Some additional pressure aistiibutiO~ over the upper surface
of the model are given in table H. These data are for the model
with slot 15; flap unreflected emd deflected ~“; Cq, 0.0038 and
0,0035, respectively. The angles of attack seleoted correspond to
lfft coefficients in the ticirdty of the peaks of the lift curves.

I?lowVisualization Studies
.

A limited investigationwas made using the liqyi~f ilm method
for the purpose of ascertaining the looation emd edmnt of the
laminar separated region near the nose of the airfoil. The teohnique

employed was to spray the model with a light coating of the liquid
described under A~paratus, then to run the wind tunnel a short the
with the model at a fixed angle of attack. At 8° angle of attack, a
narrow spanwise bemd of liquid bounded by relatively dry areas was
discernible on the basio airfoil. At higher angles of attack, the
band became covered with a whitish, fine-grained froth whioh persistmd
on the airfoil after the tninnelwas stopped. Measurements of the wel.l-
defined boundaries of the band are presented in figure U_. The band
was taken to indioate a region in which the boundary-~er flow sepa–
rated fram the airfoil for a short distsmce along the surface, then
reattached leaving beneath it a bubble of relatively dead air. TMs
phenmenon was observed near the leadlng edge of the lasio airfoil.
prior to the ccmplete separation of flow. The visualizatim tiohnique
was applied to one slotte-irfoil configuration (slot 15) for flow rates
greatar than oq = 0.0012, and for tiis ease ~ phenmenon was not
discernible.

Boundary-layer 143asurements -

Tba results of boundary-layer surveys ere shown In fi~es 12
and 13. 5ese dati were obtained for the model with slot 15, and
are presented as the chordwise variations of the derived boundary-
layer parametas, momentum thiclmess 13Y and shape parameter E=
ti figure If?,the variations of the parameters are shown for two
values of the seotion flow coefficient, and in figurO 13 Cqison

,—.-———.—— .— —.— ----- —.— __ -.——
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is made with the same boundary-layer charaoteristios aP the basio
airfoil

PlemmCha@er Pressures

h intimation of the pressure a@nst which the boundary-layer
suotion pump met operate is given h figure 14. These data were
obtatied with slot 15 freonthe average readings & the three statio
tubes in the plenum chamher. The pressures are qressed in coef-
ficient form h the same manner as the ~eesure over the surface of
the airfoil.

No attempt was made to design an effioient erpansion from the
slot entry into the plenum chauikr. Undoubtedly, the suction pressure
could be reduced by oareful design.

DISCUSSION

5e EE’feet of Boundary+ayer Suotion -

Maximum lift. - Inspection of the summry plots of figures 6
ad 7 shows that with no flow, all of the slots tivestigated reduced
the mxhzm lift below that of the basio airfoil. !l!hereductions
in llft (and chsnges in the peak of the lift curve) are similar to
the effects of standard roughness as discussed h referenoe 4. In
general, the mxhum lift inoreased rapidly with ticreasing flow
coefficient up to a value of Cq of about 0.0025. Above this value,

tie maximum lift tended to inorease more slowly and appeared to be
approaching an ultkte value asymptotically. The two slots on the
chord line (slots 1 and 2) were ineffective h” increasing the maximum
lift above that of the basio airfoil throughout the range of flow
ooeffioients investigated.

To give an idea of tie mgaitude of the air flow into the slot,
oonsider an airfoil of 10=foot ohord at an airspeed of 100 miles per
hour at sea level. A value of o

%
of 0.0025 would correspond to a

volume flow into the slot of abou 3.7 oubic feet per second (at
free-stream densi@) per foot of span or a weight rate of flow of
about 0.28 pound per second per foot of span.

The greatest ~rement of lift was obtiined with slot 15 which
inoreased the C2U from 1.38 for the basio airfoil to 1.8h at a
value of oq of 0.0068. Beoause of this fact, most of the data
were obtained for the model with slot 15 whioh was the widest and
fartheat aft of

The effeot
portion of the

the 16 slots investigated.

of flow into the slot waa to extend the straight
cl versus a ourve to higher angles of attack, and

. —.— ._— .—— —-—. .— -—
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to round over the ~eak of the curve (fig. 4). There was no effect
on the angle of attack for zero lift.

The stall of the basic airfoil was sharp and abrupt, shaking
the model support system so violently that it was hnpossible to
obtain satisfactory test points beyond the stall. This me of stall
is considered dangerous h that the pilot of an airplane would have
no warning of the imminence of the stall in the form of shbking or
buffeting of the aircraft. With suction, the model stalled more
gently, making it possible to obtain test points beyond.the peak of
the lift curve. This is considered indicative that the initial phase
of the stall, at least, resulted fram separation of the turbulent
boundary layer at the trailing edge which would give warning to the
pilot. This t~e of stall was similar to thatchamcteristic of the
basic section when equipped with a 10=percent-chord nose flap for the
prelidnary tivestigation.

Similar effects were observed with the flap deflected @o. The
maximum section lift coefficient was increased frcm 2.03 for the basic
airfoil to 2.54 at a value of Cq of 0.0065.

Pitching mment.– The effect of boundary-layer suction on the
pitchlng moment of the model both with the flap unreflected and
deflected kOO was negligible. “The pitching+ncment curves (fig. 4)
practically coincide throughout the linear range of lift coefficients.

Profile &rag.– The profile drag of the airfoil, as measuredly

the wake survey method (fig. 5), decreased with increasing flow
coefficient, rapidly at first, then at a diminishing rate. The drag
of the airfoil withno flow into the suction slot was considerably
larger than that of the basic airfoil for all values of lift, but,
for a cz of 0.8 and flow coefficients greater than about 0.002, the
drag was slightly less than that of the basic airfoil. It should
be mentioned that the measured values of drag do not include the sink
drag of the air induced into the airfoil (i.e., the component of
momentum of the induced air in the drag direction), nor is any cob
sideration given to the power required to induce flow into the slot.

The pressure against which the boundary-layer suction pump
must operate is high near maximmn lift, as maybe seen in figure 14. “
If the pumping power is charged against the aircraft power plant as
~, ti~tie tO_balwing drag willbe high, but if excess power
from the engine is available as in a normal hndhg approach, then
the power required for boundary-layer control is of no consequence.

A calculation of the power required for boundary-layer control
was made for the hypothetical ~Moo+chord aizfoil mentioned in the
discussion of lift. Assuming 10@ercent-efficient air induction
and using the values (Cq = 0.0025 ~dy = –16) corresponding to a

. ..— — ___ —. -.—.—— —
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cl of 2.2
ia about 3
level.

with the flap down, the power required for the air pump
horsepower yer foot of span at 100 miles per hour at sea

Pressure distribution.– The pressure distributions (fig. 10)
show that with flow into the slot, the localized peak suction
pressures were always greater than those on the basic airfoil at
the same angle of attack, but the madmum suction pressure inmsdi—
ately downstream of the slot was always less than the local peek
suction pressure in the immediate vichity of the leading edge of
the basic airfoil. The pressure distribution downstream of the
l~ercen~hord station is nearly identical for the model with and
without the slot.

Boundary-layer characteristics.– The decrease of boundary-layer
thickness with increased Ow through the slot may be seen in figure
12. The effactiveness of boundary-~er oontrol in delaying complete
separation of flow from the leading edge is indicated by the inoreased
lift and stalling angle of the airfoil. The attainment by the shape

~ter H of a V~UB of 2.6 at tie trafl~ edge is indicative
that turbulent separation had occumed at this point. (Previous
investigationshave demonstrated that complete separation of the
turbulent boundary layer starts when H attiins a value of 2.6 to
2.7 (references 5 and 6).) Further verification that the turbulent
boun&ry layer separated near the trailing edge with flow through
the slot was given by tuft studies. It could not be demonstrated,
however, that the complete still was the result of the forward
progression of the turbulent separated area. It is possible that
separation from the lea- edge may have spread rapidly d-tresm
to merge with the turbulent seption spreading forward imm+ately
prior to the ccmrpletest++llof the airfoil.

At 0° angle of‘attackand with flow into the clot, the m&ntum
thiclmess.of the boundary layer was nearly twioe that for the basio
airfoil (fig. 13). At 4.2° angle of attack, the boundary layer of
the suotion airfoil was slightly thicker, and, at higher angles of
attack, the boundary layer was appreciably thinner than that of the
basio airfoil. The value of the shape parameter was slightly lower
with boundary-layer control, particularly at the higher angles of
attack, indicating a more stable turbulent boundary layer.

Since the pressure distribution over the suction airfoil and
that over the basic airfoil were practically identioal downstream of
the station of the slot, clifferences in the rate of boundary-layer
growth are not attributable to differences In the pressure gradient
a.gaimt which the boundary layer must flow. ‘The observed veloofty
profiles showed that the effect of the slot was to cause earlier
transition to turbulence at low angles of attaok than was the case
for the basic airfoil. Because of its more forward starting point,.“

——- e.
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the turbulent boundary layer thickened more npidly, tham the l)oundary
L3yer of the basic airfoil. At high angles of attack the initial
thiclmess of the turbulent boundary layer was reduced because of the
removal of the localized region of separated flow hy the action of
the slot. The effect of the sucticm slot may he seen ti figure 15,
in which ar~ compared boundary-layer velocity profiles measured at
the 10=percen@ord station on the basic and the suction,airfoil.
The turbulent boundary layer of the suction airfoil.grew less ra~idly
because of its initial thinness. The slower rate of growth of an
initially thin boundary layer my be seen in figure 13.

These effects of the suction slot on”boundary-layer growth
explain the drag results shown in figure 5.

The eff activeness of leaUng+xlge suction in increasing the

mximum lift coefficient of airfoils subject to lead3ng+dge sepa–
ration is the result of two effects of the suction slot. First, the
leadlng-edge separation is prevented until the airfoil.stalls at
higher values of the lift coefficient. It has been shown that, for
the same value of lift coefficient below the stall of the basic
airfoil, the pressure distributions downstream of the station of the
slot (figs. 8 and 9), and the boundary-layer characteristics (fig. 13)
of the baaic and suction airfoils are shilar. The yrinciple effect
of the suotion slot, therefore, is to delay separation of flow Yro.m
the leading edge. Second, a further increase of madmum lift is
achieved because at high values of lift the initial thickness of the
turbulent boundary layer is reduced, enabling the turbulent %oun~
layer to make a greater pressure recovery before separating from the
surface of the airfoil.

. The Optimum Slot

It was believed that the import.smtvariables to be consid=ed
in seleoting the optimum slot for increasing ~ Mft were (1)
the chordtise location of the upstream edge of the slot, and (2) the
width of the slot. Accordingly, the ~lift data were cross–
plotted in two clifferent ways.

.

h figure 16, the & section lift coefficient is shown as
a function of the chordwise location of the upstream edge of the
slot. Data for four dlfferent widths of the slot are presented.
The wider slots did not extend sufficiently far aft to deftie defi– -
nitely the optimum location. For the narrowest slot (0.2 percent
chord-),the optimum location is about 0.5 percent chord. It is tite~
esti~ to note that the downstream boundary of the froth band o%tdnd
in the liqtid<ilm studies was also at 0.5 percent chord of the Msic

-. .— -- .—. —-. .—— .— -—-—-—- ———— —.—
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airfoil immediately ~rior to the stall. (See fig. 11.) As the slot
was widened, there appeared a tendency for the optimum location to
move aft.

h figure 17, the madmum section li%t coefficient is plotted
against slot width for three different values of the flow coef–
ficient. Jn genezal, it appears that within the range of slot widths
investigated, the wider the slot the greater its effectiveness, ,
particularly for the higher values of flow coefficient.

For the model with the flap deflected 40°, the same geneml
trends are evident as for the model with the flap unreflected.

These data are insufficient for an exact deterininationof the
optimum slot. Although greater values of lift my be obtatied by
use of a slot somewhat farther aft and.wider than slot 15, it does
not seem probable that the increase will be very large,as shown by
the tendency of the curves of mexdnwm lift coefficient to level off
with incr~ing slot width.

COIVCLUDWREMARKS

The leading-edge type of separation of
characterizes the stall of the NACA 63,~u

flow which normally
airfoil section was

successfully forestalled by means of ~-single suction slot near the
nose of the airfoil. The ~lift of the airfoil was thereby
increased until the turbulent boundary layer separated frcm the
trailing edge. Although it was not demaastmted that the complete
staid.was the result of turbulent separation, the abruptness of the
stall was considerably alleviated from that of the basic airfoil
section.

The largest increment of the maximum section lift coefficient
realized was 0.46 with the flap unreflected and 0.51 with the plain
flap deflected @o. It is believed that somewhat greater increments

~ of lift could be obtained with a slot of more nearly optimum width
and location.

The chordwise location and width of the blot are important. ‘lhe
. results of this investigation indicate that the leading edge of the

slot should be downstream of the point of separation immediately prior
to the stall of the basic section. The effectiveness of the slot
increases with slot width up to a value of at least 0.8 percent chord.

Ames Aeronautical Idmratory,
Natioiml Advisory Committee for Aeronautics,

Moffett Field, Cal-if.
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TABLE I.– COORDINATES FOR NACA 631-012 ‘
AIRFOIL SECTION –

Station Ordinate
(yercent chord) (percent chord)

o 0
.5 1.404
●75 1.71.3

1.25 -2.717
2.5 3.104
5 4.3(32 “
7.5 5.308

10 6.068
15 7.225
20 8.048
25 8.600

8.913
z 9.000
40 8.845
45 8.482
x’ .7.942
g 7.256

6.455
65 5.567
P 4.622

3.650
E 2.691
85 1* 787
90 .985
95 .348

100 0

Leading+Xge ratius 1.087~ercent chord

m m? NO. 1683

.
.

. .

*..

4

.

—— .—— — .. –.- . . . ..— —— -— —.. -—



.

I

TABm “n. x%MImm~CfxTPIomuB Povm mm
SomAoECm lmSumomAJmonHITE mlmls

kltit Uppm mmfano IS aimolIthl.10uEIdWmIl X/o . 0.0337’7d X/o 00.0100.
-

Cl



.

.-

.

.

c

—.——— --

4

.

.

.

.

.



NACA M NO. 1683 17
.

Fi@me 1.– I?h
model w$th

. . “. - .h

“..!.
.C3 Iii%wlil 1

,otographof the NACA 631-OU airfoil
nose+ uction slot.
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G&
+%

CIKJ?D i/NE.—

slots /-2 - Slots 3 – 16

NOTE.’ALL DIMENSIONS ARE PERCENT OF THE WIIVG CHORD

Slotlvkk Au xc x.. w &J

/ Q/67 “

2 0.750

3 0.267 0.3/7 0.367 0./67 45” -

4 0.267 0.367 (2 483 (2333 45”

5 0.267 0.425 0600 (2500 4F

6 0377 Q450 0.5/6 0.200 45°

7 0.5/ 6 0.590 0.667 0200 45°

8 0.667 0.750 0.830 0.200 45°

9 0.830 0.9/7 /. 000 0.200 45°

/0 0377 0.5/6 0.667 0.400 45°

// 0.5/ 6 0.667 0.830 0.400 45°

/2 0.667 0.750 /. 000 0.400 45°

/3 0377 0.590 0.830 0.600 45”

/4 0.5/ 6 0.750 / .000 0.600 45°

/5 0.377 0.667 /. 000 0.800 45°

- /6 0.267 0.483 0.720 0.667 450

v

Figure 2.- Geometry of the various s/ots in vestigoted.
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Figure 3.- Detail of mall boundary-layeti rake or “mouse. ”
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.4

0
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5+
*f ‘9

o-w
AL o
❑ cl 0.0010

l--l-_l
dw .00175
v o .00.?5
— a .0035
D- .0038

06 .0065
00 m Whg

. .
-/6 -8 0 8 /(5 .040 # 96 24

Section ungle of attack, aO Section pitchlng+noment coefficieti, ~

Figure 4.- Lift und pitching-moment churucterlstics

of the model with slot /5.
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.0/4

.0/2

. 0/0

.008’

.002

0

Figure

for

-——

-—— — ——— . ——— — ——— — – c/ ‘.2

-—— — ——— — — – Basic ulrfoil – - c“ =0

w

*
o / 2 3 4 x /0+

Section f/ow coefficient, Cq

5. Variation of profile drug with

the model with slot /5.
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0 S/Of 5

A SIoi /3

❑ s/et /4 A slot /5

‘- Bask Wihq

o/&?Jcjf56 7x/o-3 0/23456 7X10-3

Sect/i flow coefflcknt, Cq T

Figu-e 6.- VorMon of maximum #ft MM flow coefficient fw the mode/ with flap ondeflected.

G’
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Bos/c Ofrfoll

o I 2 3 4 5 6

Sectbn fhv coefflclent, Cq

Figm Z- MvtWon of moxhnum lift with flow coeffktbnt for the modei

wlti th@ flop deflected 401 Slot /5.
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-/6

-/5

-/4

-/3

-/2

-//

-5

-4

-3

-2

-/

o

/.

1I

El
13 x/c=o P=-/z86

A •1 x~c= .00/ P=#6./O
a X/C= .0~3 P=-/8.&3

Li

L!
o [38 /3.7 Basic airfoi/

A [35 /26, .C038
❑ [80 /89 .0038

0 1 .2 .3 .4 .5 .6 7 .8 .9 /0

Figure 8.-
the f/up

.- ——.———— -. -.. —.. —

Chordwise station, x/c

/?ressute distribution for the moo’e/ with
uffdeflected Slot 15.
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A x/c=.00/ ~ = ./~39
11

❑ x~c=.00/ P=-3Q82
•1 x/c= .0033 P=-25/o

LL

.

Cl” aO
%

o Z03 &8 Basic u!~oil

❑ z30 /59 .0035

. . . . .,

0 ./ .2 .3 .4 .5 .6 .7 .8 ..9 /0

Chotiwise stution, xlc

figure 9.- Pressure distribution for the moo’e/ with
the f/op deflected 40? Slot /5.
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No. UW3

-32

-28

0 2.03 8.8 BUSiC UihfOi/

A 2/2 87. .0035
$

-20 ❑ 2.30 /59 0035 .
:G
~
~ -/6
Q

0

. (a) Rap ‘deflected 40°
-z&f

-24
k

~“ 20 0 /.38 /3.7 Basic aitioil
QJ A L35 /2.6“< .0038

u 180 A99 .0038

o .0/ .02 .03 .04 .05 .06 .07 .08 .09 ./0

Choriwise stution, xlc

(b) Flap unreflected

Figure IO.- Detiileo’ ‘pressure dktribution I.. the vichtiy
of the suction slot S/et/3.
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0

0 Upstream edge

A ~OW~St~@U~ 8~9t?
.0

‘w
--- --- --- --— —

.UCA? .UU4 .W6. Da? .Oro .0/2 .0

chordvhe station, Xjc

Figure //,- Extent of the band of froth on the basic airfoil

as indcated by liquid film.
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x

*.
“2
Q /2$

“$ /0

o .2 .4 .6 .8 LO
Chofv’wise stotion, xlc

(0) C@= 0.00/75

) .2 .4 .6 .8 LO

(Mordwise stotion, x/C

~

(..) Cq = 0.0CU8

Figure /2. - Chordwise voriotion of the boundury- /uyer sh upe .

parameter and momentum thickness. S/et /5.
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28’
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Bmtc whg
.0035

AOO .00/75
--– 8.4 a Basic wing

❑ 8.4
v 8.4 :: .0038

.001Z5

T
&..,/
. I

.,

~o c,
%

—— 4.2 .45 Bosk wing
o 4.2 .47
A 4.2 .47

.(W38
JW175

-–– L?.6 L30 Bask *
El 126 /.35 .0038
0 f26 1.33 .CO175

o .2 .4 .6 .8 LO O .2 .4 .6 .8 /0
Chordwise station, x/c Ghoriwise stotion. xlc

Figure /3 - The effect

cha~ucteristics Slot

of suction on the boundary-/uyer
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-24

-20

-/6

-/2

-8

4

* . .

-.4 0 .4 .8

section

Figure

/ift

/4.- VariZh70n of the

coefficient Slot /5.

12 16 2.0 2.4 2.8

/ift coefficient, cl

plenum- chamber pressure with ‘
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NACA ~ NO. 1683

(2. c] %

O 12.6 /.30 @sic wmg
o A /2.6 /.33 .00175

Q

“o .2 .4 .6 .8 /.0

/Uu

Figure 15.- Boundary- layer velocity profiles ot

x/c = 0./0. slot /5.
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6f = 40”
C9 =.0025

Boslc olrfoll 6f=40°
—— —— —— ——— —.

‘9 =.0040

Cq N

.—— .—— .— —.

Bosic airfoil 6f =00
=5=

o .002 .004 .006 .008 .0/0
Ghordwise std..on of th~

upstream edge of” the slot, Xu~c

(Q) w/c = 0.002 -

Figure /6.- Voritiion of slot effectiveness with

choro’wise !ocotion of the slot.
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24

2.2

2.0

/.8

L6

14

/.2
o

.

——

c19 =.0040

~cq = . 00/5

—~ —-——
Basic ,uirfoll 6f =0°

——

.

.—. —

.002 .004 .006
Chordwlse sfotlon of the

.008

upstrecwn edge of the slot, xu Ic

(b] w~c =aoo4

Figure 16.- Continued.
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2.4

2.2

2.0

I.8

L6

14

/.2

I I
6f = 40”/ ~ Cq = .0025

Basic ulrfoll 6f=40°
.— J.- — .—

.

% =.0040
I

= .0025
9

6f =00
cf7

‘.&5
-

— —.
‘ Bosic OirfOii 6f =00

v

+ +
o .002 .004 .006 .008 -0/0

Ghordwise stut.on of the “

upstreom edge -of the slots Xujc

(C) wie = QO06’

Figure 16. - continued.
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.

g. 4

2.2

2.0

t 16f = 40* / Cq = .0025

Basic Oirfoif 6f = 4 @ “

Cq =.0040 “

~f .00

9

‘9
= .0025

/

c~ =.00/5

B~c olrfoil—6f =00

w

.002
.

.004 .006

Chordwhe stut.on of the
upstream

W~C=0.008 “

.008 .0/0

.

.

Figure 16.- Goncluded.
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2.4

2.0

/.8

L6

14

/.2
o

Basic Oirfol/ 6f =00

I I

.002 .004 .006

s/et width , w/c

(0) Cg = o. 00/5

Figure /Z- Voriotion of slot effectiveness

with S/Of width.

.008 .0/0
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Xu/c

40”5f = 0.003
— — ——0.00$

T7T-- ——0.005
— 0006

Basic airfoil + = 40.
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.

Sf .00
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.— — — - . .

IBaslc airfoil 6f =00

o
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Figure

.002 .004 .006 .008 .0/0
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IZ - Continued.
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.— ——
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Figure IZ- Concluded.
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